The 16.5-kbp plasmid pSCFS1 from Staphylococcus sciuri mediated combined resistance to chloramphenicol and florfenicol. The gene responsible for this resistance property, cfr, was cloned and sequenced. The amino acid sequence of the Cfr protein revealed no homology to known acetyltransferases or efflux proteins involved in chloramphenicol and/or florfenicol resistance or to other proteins whose functions are known.
0.5 g of CM increased the FF MICs to 512 g/ml and the CM MICs to 64 g/ml, suggesting that pSCSF1-mediated resistance to FF and CM in both staphylococcal hosts is inducible by FF as well as CM. Plasmid pSCFS1 was mapped ( Fig. 1 ) and subjected to cloning experiments. Restriction fragments of pSCFS1 generated by the enzymes EcoRI and BclI-BamHI were cloned into pBluescript SKII ϩ . The recombinant plasmids were transformed into the recipient strain Escherichia coli HB101 and plated on Luria-Bertani (LB) agar supplemented with 20 g of FF/ml. Only E. coli HB101 clones which carried a 3.8-kbp EcoRI fragment of pSCFS1 ( Fig. 1 ) grew on these selective plates. Subclones of this EcoRI fragment were produced and tested for their ability to grow on LB agar supplemented with 20 g of FF/ml (Fig. 1) . Subclones which carried a 3-kbp ClaI-EcoRI fragment, a 2.9-kbp EcoRI-XbaI fragment, or a 2-kbp ClaI-XbaI fragment grew on this selective medium and also on LB agar supplemented with 15 g of CM/ml. The MICs of FF and CM for these subclones were 32 g/ml; preincubation in the presence of subinhibitory concentrations of FF or CM increased the FF MICs to 64 g/ml but had no effect on the CM MICs. A lack of increase in CM MICs has also been observed when inducible cat genes from Staphylococcus spp. were expressed in E. coli hosts (15) . All subclones generated by BamHI digestion, e.g., those carrying 1.1-kbp ClaI-BamHI and 0.95-kbp BamHI-XbaI fragments (Fig. 1) , failed to exhibit resistance to FF and CM.
The sequence of the smallest restriction fragment that conferred resistance to FF and CM, the 2,037-bp ClaI-XbaI fragment, was determined on both strands. Three open reading frames (ORFs) were detected. The BamHI site was located within an ORF for a peptide of 349 amino acids (aa) (positions 570 to 1619). This reading frame, designated cfr (CM and FF resistance) was followed by a pair of inverted repeated sequences of 13 bp, which may represent the transcriptional terminator. The cfr reading frame was preceded by a potential promoter structure (Ϫ35: TTTACA, positions 168 to 173; Ϫ10: TTACAG, positions 190 to 195; A, position 204) and two overlapping reading frames, ORF1 (positions 237 to 416) and ORF2 (positions 371 to 505), coding for putative peptides of 59 and 44 aa, respectively. The amino acid sequences encoded by both small ORFs did not exhibit significant homology to protein sequences deposited in the databases. Deletion of the cfr gene upstream region as shown in the HpaI-XbaI and the MspI-XbaI subclones ( Fig. 1 ) resulted in sensitivity to FF and CM, suggesting that this region is essential for the expression of combined resistance to FF and CM. Further analysis of the upstream region revealed similarities to the upstream regions of inducible cat genes from Staphylococcus and Bacillus spp. (8, 16) . The region between the stop codon of ORF2 and the start codon of cfr comprised a pair of inverted repeated sequences (IR1: positions 515 to 527; IR2: positions 549 to 563) which might be able to form a stable mRNA secondary structure (⌬G ϭ Ϫ60.3 kJ/mol). The cfr-associated ribosome binding site was located within the IR2 sequence. Moreover, the terminal part of ORF2 (5Ј-GTGCAAAAAGAAATTGATTCT-3Ј) showed considerable homology to previously identified ribosome stall sequences in the reading frames of the regulatory peptides involved in inducible CM resistance (8, 16) . A ribosome stalled in the terminal part of ORF2 will overlap the IR1 sequence and abolish mRNA secondary structure formation, thus rendering the cfr-associated ribosome binding site accessible to ribosomes and allowing translation of the cfr transcripts. Assuming that inducible expression of cfr occurs via a translational attenuation-like process (8, 16) , deletion of the upstream region which comprises relevant elements for such a regulatory system may explain the loss of resistance to FF and CM.
Comparison of the Cfr amino acid sequence as deduced from the nucleotide sequence revealed no homology to acetyltransferases or efflux proteins (2, 5, 9) so far known to be associated with resistance to FF and/or CM. However, homology to a number of proteins from a wide variety of bacteria, including Mycobacterium tuberculosis H37RV (accession no. Q10806), Treponema pallidum (accession no. AAC65061), Haemophilus influenzae Rd (accession no. P44665), Pseudomonas aeruginosa PAO1 (accession no. Q51385), E. coli K12 (accession no. P36979), Bacillus subtilis 16 (accession no. CAA74265), the soil bacterium Streptomyces coelicolor A3(2) (accession no. CAA19907), the cyanobacterium Synechocystis sp. strain PCC6803 (accession no. Q55880), and the archaeobacterium Thermotoga maritima MSB8 (accession no. AAD36781) was detected (Fig. 2) . The reading frames encoding most of these proteins were identified during whole-genome sequencing of the respective organisms. These proteins have some properties in common: they exhibit similar sizes of 340 to 390 aa, have no known functions, and do not exhibit any specific features such as ATP binding domains which might point to their possible functions. Recently, the terminal 133 aa of a protein from S. aureus (accession no. CAB60749) which shows 53% homology to the Cfr protein have been reported (3). This protein was assumed to be an auxiliary protein which might play a role in the expression of methicillin resistance (3). Analysis of the Cfr protein sequence confirmed the lack of ATP binding domains (1) . Use of the TMpred program (http: //www.ch.embnet.org/software/TMPRED_form.html) did not result in the detection of any topology typical for transmembrane proteins. This observation suggested that the Cfr protein is unlikely to be secreted or anchored to the membrane (4). Moreover, the negative results of a CM acetyltransferase assay and a bioassay to demonstrate the enzymatic inactivation of FF and CM (12) confirmed that neither the original S. sciuri nor the S. aureus RN4220:pSCFS1 transformant was resistant to FF and CM by enzymatic inactivation of the drugs. Even though the mechanism of Cfr-mediated FF and CM resistance remains to be elucidated, these observations indicate that the cfr gene represents a novel type of transferable CM-FF resistance gene, the product of which confers resistance to both drugs not only in staphylococci but also in E. coli and obviously is not associated with any of the so far known mechanisms of FF and CM resistance.
Nucleotide sequence accession number. The nucleotide sequence of the cfr gene and its adjacent regions has been submitted to the EMBL database and was assigned accession no. AJ249217.
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